Due to that the Ultra Wide Band (UWB) technology has some attractive features like robustness to multipath fading, high data rate, low cost and low power consumption, it is widely use to implement cognitive radio network. Intuitively, one of the most important tasks required for cognitive network is the spectrum sensing. A framework for implementing spectrum sensing for UWB-Cognitive Network will be presented in this paper. Since the information about primary licensed users are known to the cognitive radios then the best spectrum sensing scheme for UWB-cognitive network is the matched filter detection scheme. Simulation results verified and demonstrated the using of matched filter spectrum sensing in cognitive radio network with UWB and proved that the bit error rate for this detection scheme can be considered acceptable.
Introduction
With respect to the FCC regulation, Ultra Wideband (UWB) is a future technology for medium and short scope of wireless networks with a different of throughput choices containing very high data rates. The most important property of UWB is that it can presence in the same temporal, spatial, and spectral domains with licensed/unlicensed users because it is an underlay system. Other seductive features of UWB include the flexibility of adapting pulse shape, bandwidth, data rate, and transmit power. At the head of these characteristics, UWB has low power consumption so the complexity of the transceiver will be reduced and this will lead to form a limited system cost. Note that there is another important feature of UWB represented by providing secure communications as a result detecting UWB transmission will be very hard since the power spectrum will embed into the noise floor. There are two commonly proposed means of implementing UWB. These two technologies are the Orthogonal Frequency Division Multiplexing based UWB (UWB-OFDM) and the impulse radio based UWB (IR-UWB) [1, 2] .
Most of today's wireless networks are characterized by a fixed spectrum assignment policy. Unfortunately, only few frequency resources are currently available for future applications. Recent measurements indicate that many portions of licensed spectrum are not used for significant periods of time. Cognitive radio is a new technology used to improve the spectrum utilization by allowing secondary users (cognitive radios) to borrow unused radio spectrum from primary users (licensed users) or to share the spectrum with them. A network with a cognitive process that observes its environment current conditions and learn from these conditions in order to decide and plan then make some adaptations for their work to qualify its communication environment, this network called cognitive radio network [3] .
UWB communication systems can be presented as a first example of technology that is coincidence for the implementation of cognitive radio mechanism. UWB systems are preferable because of their large bandwidth, their low-power noise-like signaling, which can be exploited in the transmission over (licensed) bands producing a controlled level of interference on existing communication systems. Thus recent researches has been focused on the investigation of coexistence issues related to the UWB technology, assuming that such systems will operate in an environment characterized by the presence of heterogeneous interfering users. The essential component of Ultra Wideband-based Cognitive Network (UWB-CN) is the spectrum sensing in which a cognitive radio user can find only an unused band of the spectrum, so it should closely monitor the whole spectrum bands, note their information, and then detect spectrum holes [4, 5] .
In this paper we will focus our work on implementing the spectrum sensing in UWB-CN. Intuitively, we could make a conclusions on using matched filter spectrum sensing scheme to implement the spectrum sensing for UWB-CN. This conclusion is that matched filter requires prior information about the characteristics of primary users' signals and this information are known for Cognitive radios in UWB-CN system so it is the optimal spectrum sensing scheme for UWB-CN system. Note that matched filter is used for maximizing the signal to noise ratio for a given input signal in presence of additive white Gaussian noise. This paper is organized as follows. In Section 2, we describe the framework of spectrum sensing for UWBCognitive network. Section 3, gives the description details of implementing matched filter detection. Section 4, shows the presents our computer simulation results. The conclusions are drawn in Section 5.
Spectrum Sensing Framework
To discover which spectrum sensing schemes is the most efficient and suitable to the UWB-cognitive network system, for this discovering we need to do the following discussion; when the receiver cannot gather sufficient information about primary users, the optimal detector may be the energy detector. However, due to non-coherent processing O(1/SNR 2 ) samples are required to meet a probability of detection constraint. Moreover, energy detectors often generate false alarms announced by unwanted signals or multiple secondary users because they cannot discriminate signal types.
Generally, modulated signals can be defined as the signals which are characterized by a periodic and Cyclostationary features. These features can be analyzed and detected by using a spectral correlation function. The attractive property of feature detection scheme is its firmness to uncertainty in noise power. But the main disadvantage of this scheme is the complex calculations and requires great effort and more time. Moreover, it needs additional bandwidth and subject to the radio frequency, spectrum loss of strong signals and timing or frequency jitters.
When the information of the primary user signal is known to the CR user, the optimal detector in stationary Gaussian noise is the matched filter detection. The main advantage of matched filter is that due to coherency, it requires less time to achieve high processing gain since only O(1/SNR) samples are needed to meet a given probability of detection constraint. However, the matched filter requires a priori knowledge of the characteristics of the primary user signal. On the other hand, matched filter detection requires accurate time and frequency synchronization. From what has been discussed above, we may draw the conclusion that the matched filter detection is the optimal spectrum sensing scheme in the UWB-CR because the priori knowledge of the primary user signals in the UWB-CR system is known to the CR user.
Matched Filter
A matched filter is a correlation function between a known signal or template, with an unknown signal to detect the presence of the template in the unknown signal and it is equivalent to a convolution function between the unknown signal with a time-reversed version of the template. It is the optimal linear filter for maximizing the signal to noise ratio (SNR) in the presence of additive stochastic noise. Matched filters are commonly used in radar, in which a signal is sent out, and we measure the reflected signals, looking for something similar to what was sent out [6] .
A matched filter is a linear filter designed to maximize the output signal-to-noise ratio for a given input signal. Suppose that a signal s(t) plus additive white Gaussian noise n(t) is input to an linear time-invariant filter followed by a sampler, as shown in Figure 1 [7] . Figure 2 shows the characteristics of a matched filter. The impulse response of the matched filter h(t) is a delayed version of the mirror image of s(t). In general, the matched filter is not a physically realizable (causal) filter.
Matched Filter Correlator
If r (t) = s(t) + n(t) is the received signal to the input of a causal matched filter, then the output of the filter can be found by convolving the received signal r(t) with the impulse response of the filter. Therefore;
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Using Equation (2), then we get,
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s(-t)
-t 0 0 s(t) 0 t 0 h(t) = s(t 0 -t) 0 t 0
Figure 2. Matched filter characteristics.
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The above operation is known as the correlation of r(t) and s(t). For this reason, the matched filter is often referred to as a correlator. Figure 3 shows the block diagram of a correlator. It is an alternative way of synthesizing a matched filter [7] .
Matched Filter Detection Scheme
Since the information of the primary user signal is known to the cognitive radio user at UWB-cognitive network, the optimal detector in stationary Gaussian noise is the matched filter since it maximizes the received signal-to-noise ratio (SNR). While the main advantage of the matched filter is that it requires less time to achieve high processing gain due to coherency, it requires a priori knowledge of the primary user signal such as the modulation type and order, the pulse shape, and the packet format. Hence, if this information is not accurate, then the matched filter performs poorly. However, since most wireless network systems have pilot, preambles, synchronization word or spreading codes, these can be used for the coherent detection.
The energy detector can sense any signals. It is especially suitable for sensing signals such as bursting interference signals, pulsed jamming and tone jamming, which have distinctive power or energy features instead of features in the frames or structures. The block diagram of energy sensing is showed in Figure 4 . The received signal r(t) is filtered and changed into digital signal by analog-to-digital (A/D) converters. After Fast Fourier Transform (FFT), it is squared and averaged in the dwell tine N. The result is decided by comparing the energy detected with the decision threshold γ.
There are three keys in the energy detection, test statistic, decision rule and dwell time as well as threshold. The detection operation is done as flowing [3, 8] ; 1) Test Statistic, gives two hypotheses:
where r(n) is the received signal and n(n) is the noise, N is the dwell time. The sensed energy can be written as,
2) Decision Rule,
where γ is the decision threshold, Almost all modulated signals have the cyclostationarity in their carrier frequency, bit rate, cyclic prefix and so on [9] . We also exploit the built in cyclostationarity of the modulated signals to sense the signals. In Figure 5 , the received signal r(t) is filtered and changed into digital signal by A/D converters. After FFT, the correlation is computed and averaged in the dwell tine N. The decision is made out at last.
The spectral correlation function is written as,
where r(n) is the received signals. The coherent detection in feature space is given by,
If the information of the primary user signal is known to the CR user, the correlator in Figure 5 would be replaced by a linear filter. This linear filter should be matched to the primary user signal, as showed in Figure 6 . The signal processing is same as in feature detection instead of using correlator to calculate the correlation.
To be specific, let us suppose that the impulse response of the matched filter is, (
where N is the duration time of received signal. The output of the matched filter is,
If we sample the output of the filter at j=N-1, we obtain the maximum, 
From (7) and (13), it is obvious that the maximum of the matched filter is the same as in the energy detection but the performance of the matched filter is independent of the dwell time.
Simulation Results
In the following simulation, we will investigate the signal detection process by match filter and we will study the performance of match filter by measuring the probability of bit error. In this simulation, we will generate two signal to present r(t) function as a transmitter, first one is a rectangle pulse with unit amplitude and the second signal is a triangle pulse with 1 msec pulse width with unit peak amplitude. Then noise is added to these two unmodulated signals as shown in Figure 7 . Now these noisy unmodulated signals are filtered using matched filter at receiving side, we will use for this filtering a rectangle matched filter and a triangle matched filter to show their behavior with two type of unmodulated signals as shown in Figure 8 below.
The above simulations supposed unmodulated signals, in the other hand let us suppose BPSK modulated signals are sent at the transmitter for pulse train with unit amplitude, Figure 9 shows the pulse train signal before and after modulation with BPSK at a transmitter side with additive noise. At the receiver side the matched filter filtered the modulated signal as shown in Figure 10 . Now to measure the performance of matched filtered used above, let us using the derivation of the Bit Error Rate (BER) for BPSK modulated signal which is provided at [10] . The binary digits 1 and 0 at BPSK are represented by the analog levels and
tively. Using [10] we have the following BER function for BPSK modulated signal, some of the main requirements for implementing cognitive radio networks, these features such as avoidance the interference with licensed primary users, dynamically adaptable bandwidth, data rate and transmitted power. The second reason is concerned with the objective issues that can come with implementing UWB technology in cognitive radio networks, these objective issues are such as locating cognitive nodes via UWB, exchanging the sensing information between cognitive nodes using UWB
Conclusions
UWB technology implementation plays a great role in cognitive radio networks; this conclusion comes from two main reasons. The first reason is the features of UWB which are presented as a good chance to achieve and the receiving sensitivity of the nodes in the network that has an integral role in determining the range and size of communication networks.
Simulation results showed that the matched filter detection scheme is a suitable for detecting signals through UWB-cognitive radio network especially all information required for sensing primary users are known for cognitive radios. However, in the UWB system, the architecture of the UWB signals is known, but the band location and occupancy level is unknown. Thus, new techniques are required to measure or estimate the precise locations of primary users at nearby cognitive radios or secondary users.
